Anthrax is an important zoonotic disease in Kenya causing high morbidity and mortality in both human and livestock. It is endemic in the country. The objective of this study was to assess the knowledge, attitude and practices (KAPS) of anthrax among pastoralists in Wajir, Isiolo and Marsabit. The study was cross-sectional whereby various areas of anthrax outbreaks were identified through the veterinary departments in the three study counties of Wajir, Isiolo and Marsabit. These areas were visited and using systematic sampling methods, a total of 400 households were visited. Data were collected through questionnaires administered via personal interviews. Information collected included demographic characteristics of the households, knowledge on anthrax, attitude and practices on the disease. Pastoralists had adequate knowledge on anthrax. They correctly pointed out the clinical signs of anthrax in livestock such as sudden death, bleeding from body orifices and cutanous sores. The indigenous knowledge was uniform in all the three counties. Despite that knowledge, they reportedly engaged in dangerous practices that would expose them to infection by anthrax. These practices included consumption of meat from suspect anthrax cases, opening of carcasses of dead animals and throwing of anthrax suspect carcasses in bushes. Anthrax is a well known disease in this pastoral setting. There is a need for education programmes to be designed for this community especially with regard to proper handling of suspect anthrax cases. Continuous anthrax efforts should be initiated through vaccination of livestock.
Introduction


The main constraints hindering the productivity of the livestock sector in most sub-Saharan countries are diseases, poor nutrition, poor breeding policies and management. Anthrax is among the most common diseases in sub-Saharan countries and is caused by Bacillus anthracis, a gram positive and capsulated bacillus [1] . It is one of the neglected tropical diseases in Africa and besides its continuous outbreaks, there are limited studies on the dynamics and the risk factors of this disease.
Anthrax is a highly contagious and virulent disease [2] . It mainly affects herbivorous animals, although all mammals and some avian species are also susceptible to this disease. B. anthracis is a gram positive, rod-shaped and spore forming bacteria-produces this lethal sickness. It is per acute disease, death can occur within a short time, approximately 24 h. As a result, those afflicted with the disease are largely found dead. This disease can be transmitted from infected animals including sheep, goats, cattle, pigs, buffaloes, or other wild animals to humans by direct or indirect contact with said animals and their by-products [3] . B. anthracis exists in two forms, vegetative cells (inside the host) and spores for persistence in the soil or environment [4] . Anthrax can be found naturally in D DAVID PUBLISHING
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soil and commonly affects domestic and wild animals around the world. It occurs in all food animals (cattle, sheep, goat, horse), which are susceptible to the organism. Pigs are more resistant than sheep and horse, where as dog and cats relatively resistant and birds are highly resistant [3] . With unvaccinated animals living in endemic regions, anthrax can be a serious disease. While the causative agent of anthrax can be found in many parts of the world, cases occur commonly only in specific geographic locations. Anthrax outbreaks often occur in localities which are known to have calcareous and alkaline soil, intermittent episodes of flooding and a warm environment [5] .
There are endemic areas with more frequent outbreaks, while other areas are subject to intermittent outbreaks due to weather changes. This can in turn lead to anthrax spores, which were initially inactive in the soil, to rise into the surface of the ground. This causes herbivores grazing in such areas to swallow the spores. The spores then germinate inside the animals and subsequently the disease manifests [6] .
Anthrax can be present in several different clinical forms, depending on the host factors, strain-specific factors and the route of infection. In herbivorous animals, anthrax usually occurs as an acute septicemia with a high fatality rate and is usually characterized by hemorrhagic lymphadenitis. In horses, pigs, dogs and humans, it is often less acute although still potentially fatal [1] . On the basis of route of infection, there are three clinical forms of anthrax such as cutaneous (skin), gastrointestinal (ingestion) and pulmonary through inhalation of spores [7] .
Humans usually acquire the disease after close contact or proximity with infected animals or their products [8] . Anthrax is an occupational disease that can be found in wildlife, animal food, imported hides and skins, waste water from tanneries, contamination of indigenous pastures and livestock. In most situations, human anthrax cases occur only occasionally and intermittently.
In 
Materials and Methods
Study Area
This study was undertaken in Wajir, Marsabit and Isiolo counties of Kenya. These counties are some of the arid and semi-arid lands (ASALS) in Kenya. The communities living in these counties are pure pastoralists. These are inhabited mostly by the Somali, Gabra, Boran, Rendille, Sanburu, Turkana and
Daasanach tribes among others.
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Study Design
The study was a questionnaire survey conducted between September 2016 and July 2017.
Sample Size Determination
The sample size for assessing the KAPS of anthrax was calculated using Yamane's formula [10] with standard error of 5% and confidence interval of 95%:
(1) where n is the sample size, N is the population size, e is the level of precision (or error limit).
Data Collection
A total number of 400 questionnaires were administered to 400 farmers who dwell in the areas within which anthrax outbreaks were confirmed. Farmers were selected using systematic sampling with an interval of five households. The household heads were selected for the questionnaires. Questionnaires were printed using English language and were translated to the different local languages with the help of local veterinary extension officers. Information regarding demographic characteristics, knowledge about anthrax, symptoms of anthrax in livestock, symptoms of anthrax in human and sources of anthrax outbreaks, was obtained. Information about attitudes and practices on anthrax, how they perceive anthrax, such as how to handle animals which with anthrax, slaughtering dead animals, slaughtering animals dead with anthrax, skinning of animals dead with anthrax, were collected.
Data Analysis
The data collected in the questionnaire surveys was recorded and analyzed with Stata (version 11). Descriptive statistics were generated and the results displayed in graphs and tables. The answers of the questions about knowledge and practices of anthrax were ordered as poor, moderate and good. The correct answer was coded as 1 and the wrong answer coded 0, it was then summed up. The total responses of anthrax knowledge were ordered as 0-2 = poor, 3 = medium and 4-5 = good knowledge. The total responses on anthrax practices were ordered as 0-2 = poor, 3-4 = medium and 5-6 = good.
Results
Demographic Characteristics of the Surveyed Population
Almost two-thirds (67%; 266/400) of the surveyed population were males ( Table 1 ). Majority of the study population were in age-group of 45-58 years indicating that livestock ownership was mostly by the aged. Education was very low with three quarters (75.3%) of the population having no formal education. Only 1.5% of the 400 of the surveyed population had university education.
A variety of livestock species were found in the surveyed households including sheep, goats, cattle, camels and chicken (Table 2) . Goats, sheep and cattle were the most commonly kept species. Camel and donkeys were also popular but at a lower frequencies. These later species are very handy for ferrying household items when the pastoralists move to new areas in search of water and pasture for their livestock.
Knowledge on Anthrax
Anthrax was well known in the three counties considering the local names of the disease (Table 3) . Indeed, most of the local names of the disease relate to the cutaneous form of anthrax. One ethnic group, the Gabra related anthrax to the soil. Pastoralists reported anthrax as a zoonotic disease together with rabies, brucellosis and Rift Valley fever (Fig. 1) . This was an indication that pastoralists have a wealth of indigenous knowledge on livestock diseases.
Various signs of anthrax in livestock were reported by pastoralists from the three counties, including sudden death, bleeding from natural orifices and skin nodules (Fig. 2) . Sudden death was reported equally in the three counties while bleeding from orifices was reported by more pastoralists from Wajir and Marsabit counties (Fig. 2) . Sudden death, skin nodules and bleeding from body orifices were reported as signs of anthrax in humans. Modes of anthrax transmission to human are displayed in Table 5 . However, some of the transmission modes were reported at higher frequencies than the others including consumption of infected animal products (320 respondents), contact with infected livestock (199 responds) ( Table 5) . Infected aerosols, an important mode of transmission for pulmonary form of anthrax were reported by 59 respondents. 
Zoonotic diseases
Attitude of Anthrax by the Pastoralists
Pastoralists had background knowledge about anthrax and they had gotten some traditional names for it as Table 3 shows. They had negative attitudes towards anthrax. They believed that anthrax was a very dangerous disease and affect both human and animals. Some of them believed that they should not talk about anthrax since this is a very serious disease. However, some pastoralists from Marsabit and Isiolo eat meat from animals that died of anthrax, they believed that cooking and throwing the intestines, soup and bones would protect them from getting anthrax infection.
Most farmers had negative attitude about anthrax vaccines, they believed that vaccines would not help their animals from the diseases but they later believed that anthrax vaccines reduced the occurrences of anthrax in Wajir, Isiolo and Marsabit counties, Kenya. As other pastoral community, some pastoralists from these three counties self-treated their animal against anthrax while some others choose wait and see attitude.
Practices of Anthrax by Pastoralists
On the handling of animal carcasses, respondents from Marsabit and Isiolo counties said they would skin the dead animals, eat the carcass or eat the carcass known to have died from anthrax ( Table 6 ). None of the respondents from Wajir county responded to have engaged in these dangerous practices.
Regarding the anthrax practices, as Table 7 summarized, anthrax practices were good in Wajir (96.6%). It was however poor (67.9%) in Marsabit and moderate (60.7%) in Isiolo.
Discussion
The present study provides preliminary baseline data regarding the knowledge, attitude and practices of anthrax by pastoralists. This opens the door for future contributions, research, surveillance and control efforts of anthrax in Kenya.
The level of education of the surveyed pastoralists The study revealed that anthrax was well known in the three study counties. Indeed, the pastoralists had local names for the disease mostly describing the manifestations of the disease (cutaneous, pulmonary and gastro-intestinal) or the source of the bacteria (soil). These results are consistent with those of Dharani et al. [13] who described an array of names given to anthrax by some pastoralists in Ethiopia, Uganda, Tanzania and Kenya. It has been shown severely that pastoral communities have a wealth of indigenous knowledge of diseases affecting their livestock. However and despite the indigenous knowledge, the training of pastoralists on anthrax awareness by conducted by local and international non-governmental organizations in the study counties may have played a part. In the purely agricultural county of Muranga, anthrax was well known just within the pastoral areas [14] . This may indicate that perhaps anthrax is known in most communities specially the sedentary counties in Kenya.
Despite the high levels of knowledge of anthrax by the study communities, they still engaged in dangerous practices that would put them at risk of exposure to the anthrax bacterium. These practices included skinning and opening suspect anthrax cases, consumption of meat from dead animals and even throwing carcasses into the bush. In Kenya, outbreaks of anthrax are into the attention of the authorities when people get sick and others die following the consumption of uninspected meat. The practice of boiling meat of suspect anthrax cases and throwing the soup severely is also practiced by the Turkana pastoral community. Whether this method of preparing suspect anthrax meat is effective is preventing infection with anthrax is a subject for further research. Similar poor husbandry practices regarding to anthrax were reported in Samburu county. In this county, some villagers butcher and consume the meat from infected carcasses. Others butcher, not for consumption but to feed their dogs with it. Still, in the absence of consumption by either humans or dogs, carcasses are normally opened before burial [10] .
The practice of throwing instead of burning anthrax suspect cases into the bush is indeed dangerous. This would lead to the contamination of the environment with anthrax spores which would be aggravated by scavengers like vultures, hyenas, jackals. Once these spores are in the environment, they are known to remain viable for long periods of time, even up to 90 years [15] and therefore provide a source of future outbreaks. In Samburu community, the carcasses of diseased animal and the surrounding area are burned and the camps or manyattas are abandoned. Subsequently, the area will remain uninhabited for several years. All neighbouring manyattas are also moved far away [16] . There is a need to educate the pastoralists of the three study counties on the proper handling of anthrax/suspect cases of anthrax in livestock especially the need to bury them properly in the ground and importantly not to open such carcasses and consume the meat.
Conclusions
Anthrax was well known in the study community; however, the anthrax practices were poor. There were
